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and J. A. Roberts 
Department of Biology, Sacred Heart University, 5151 ParkAvenue, Fairfield, Connecticut 06825, USA 
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Abstract 
Horseshoe crabs Limulus polyphemus range along the East Coast of the United States and over 150,000 of them have been marked with VS. Fish and Wildlife Service disk lags. It has been assumed that the lags do not harm the 
animals and are similar to common epibionts often found on the shells of horseshoe crabs. We investigated whether 
newlv tagged adult female horseshoe crabs would exhibit higher short-term mortality rates than untagged adult females. All crabs were collected from a beach in Connecticut and then were transported to a laboratory for the 
experiment, lagging involved drilling a small hole through the carapace in the lower back corner or the prosoma and 
then inserting the tag Into the bole. Overall mortality of tagged and untagged remalei held In flow-through raceways for 44 d was minimal (0% mortality among 53 tagged crabs; 4% mortality among 52 untagged crabs). None of the horseshoe crabs lost or shed their disk tags over the course of the experiment. In field mark-recapture studies of horseshoe crabs, typically between 11% and 20% of the initial numbers of tagged crabs are recaptured. Crabs that 
are recaptured but reported dead are unlikely to have died from the initial tagging process. Our results Indicate that 
newly tagged adult horseshoe crabs have the potential to survive as well as untagged crabs through the Connecticut 
spawning season (~30-45 d). Recapture data also suggest that these crabs can survive for as long Its 8-10 years with 
the tags In place. 
The horseshoe crab Limulus polyphemus is an economically 
important species because it is harvested for use as bait and 
for its blood products, which are used in the medical industry (Berkson and Shuster 1999; Manion et al. 2000). Horseshoe 
crabs are also ecologically important as habitat for other species 
and as prey (Castro and Myers 1993; Grant 2001). Therefore, 
federal, state, and nonprofit conservation organizations in the 
USA seek to conserve horseshoe crab populations and to ensure 
that this species is sustainably harvested while maintaining its 
important ecological functions (Niles el al. 2009). 
Numerous studies have been conducted to better understand 
horseshoe crab population dynamics and life history characteris-
tics (Tanacredi et al. 2009; Chabot and Watson 2010). One tech-
nique that is commonly used by ecologists is to tag or mark the 
ani als in a population to determine migratory patterns, move-
ment between spawning areas and feeding areas, geographical 
limitations, and population size; such information is used to de-
velop better management plans (Schwarz and Seber 1999; Swan 
2005; Smith et al. 2006). In 1999, the U.S. Fish and Wildlife 
Service (USFWS) initiated a tagging program by distributing 
uniquely numbered, round plastic disk tags to mark a proportion 
of spawning adult horseshoe crabs from different areas. Crabs 
are tagged off the Atlantic coast from Massachusetts to Georgia. 
Only mature, spawning adult horseshoe crabs are tagged by the 
USFWS tagging program (USGS 2009). Smith et al. (2009) 
documented that both male and female horseshoe crabs reach 
a terminal moll at maturity. Therefore, tag-induced mortality 
associated with molting of horseshoe crabs is not a concern. 
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Since 1999, over 150,000 horseshoe crabs have been lagged. 
Studies that use USFWS tags have been conducted by a variety 
of groups including biomedical companies, universities, slate 
and federal agencies, and nonprofit environmental conservation 
organizations (SheliaEyler, USFWS, personal communication). 
Researchers and volunteers of Project Limulus have been tag-
ging horseshoe crabs in Connecticut, Rhode Island, and New 
York for the past 10 years. Based in Long Island Sound, Project 
Limulus is a horseshoe crab research program that encourages 
citizen participation; the project was founded by and is run by 
faculty in the Department of Biology at Sacred Heart University. 
Project Limulus has tagged more than 54,000 horseshoe crabs 
by employing both USFWS-issued disk tags and Floy cinch tags (Beekey and Mattei 2008; Mattei et al. 2010). 
In any tagging study, it is important to understand how the 
physical act of tagging may affect the tagged animal's behavior 
or mortality risk. Among aquatic invertebrates, several studies 
have assessed the suitability of different tag types for tagging and 
marking decapods and a few studies have quantifies tag-induced 
mortality. In some cases, capturing, handling, and tagging have 
been observed to increase mortality by 50% (Marullo et al. 
1976; Bennett and Lovewell 1983; Hill and Wassenberg 1985; 
Montgomery and Gray 1991; Montgomery and Brett 1996). 
Given the large number of horseshoe crabs tagged through 
the USFWS program and given the evidence in the literature 
for tag-induced mortality among some aquatic arthropods, it is 
necessary to investigate the potential effects of the initial tag-
ging procedure on horseshoe crab survival. Past studies that 
have investigated horseshoe crab mortality due to bleeding pro-
cedures conducted by the biomedical industry have estimated 
average mortality at between 5% and 15% (Rudloe 1983; Kurz 
and James-Pirri 2002; Walls and Berkson 2003). Hurton and 
Berkson (2006) found an even higher mortality rate of 29% 
for bled females that experienced stressful handling conditions 
over a 14-d observation period. Recently, Leschen and Corriea (2010) studied mortality in female horseshoe crabs that were 
subjected to conditions that more closely mimicked those im-
posed by the Massachusetts biomedical industry during blood 
collection. Leschen and Corriea (2010) held the crabs for 17 d 
posttreatment in recirculating tanks and also found mortality 
rates ranging from 22% to 29%. However, no data have been 
published that address the potential for tag-induced mortality. 
Therefore, we decided to investigate whether the physical act 
of tagging would result in increased short-term mortality of 
horseshoe crabs. 
METHODS 
Adult female horseshoe crabs (N = 106) were hand-
collected in 2010 from Sandy Point Beach (41°16'3.29"N, 
72°55'31.16"W) in West Haven. Connecticut; 50 individuals 
were collected on June 4, and 56 individuals were collected on 
June 5. Females were collected as they were encountered on 
the beach without preference for the mating behavior (single, 
paired, or wilh multiple males) or condition (newly moiled or 
damaged) of the female. We used only females in this study to 
increase replication and avoid any possible confounding effects 
of sex on the results. Horseshoe crabs were transported approxi-
mately 21 km to the National Oceanic and Atmospheric Admin-
istration, Northeast Marine Fisheries Science Center, Milford, 
Connecticut; the crabs were held within several large tubs in 
an air-conditioned van during transport. Upon arrival, the crabs 
were divided equally into four fiberglass, flow-through race-
ways (labeled A-D; each 9.15 m long x 1.25 m wide x 0.46 m 
deep). The water level was kept just below the upper rim of 
the tank. The raceways were located outdoors and were covered 
with black fiberglass tops. No sand was added to the tanks, but 
several centimeters of sediment did accumulate in the bottom of 
the tanks over the course of the experiment. The raceways were 
supplied wilh ambient seawater pumped from Milford Harbor. 
The crabs were allowed to acclimate in the raceways without 
physical interference for 2 d. The raceways were inspected on 
June 6, and one dead female was removed from raceway D. 
On June 7, the remaining female horseshoe crabs (N = 105) 
were divided into three groups based on physical appearance 
and shell condition (1 = new, 2 = moderate, 3 = worn; Duffy 
et al. 2006). Condition 1 crabs had a newly molted, glossy cara-
pace that was in excellent condition and free of barnacles and 
slipper shells. Condition 1 female crabs also had a mucous film 
over the prosoma, exhibited hairs on the edges of the prosoma 
and opisthosoma, were light brown in color, and had noticeably 
shiny compound eyes. Condition 2 crabs were in good phys-
ical condition; however, the carapace was scraped or showed 
other signs of wear or slight damage and was darkened. For 
condition 2 crabs, the mucous layer on the prosoma was some-
what thinner or less apparent than that observed on condition 
1 crabs; condition 2 females were host to a few barnacles and 
slipper shells and had fewer fringe hairs than condition 1 crabs. 
In condition 3 crabs, the carapace was very dark with notice-
able pitting, and fringe hairs were absent. Condition 3 crabs 
were also host to many barnacles and slipper shells and gen-
' erally had missing appendages; they exhibited dents or cracks 
on the carapace, a heavily worn telson, and damaged or dull 
compound eyes. 
The female crabs were divided randomly, and equal numbers 
of crabs representing each condition were placed into each race-
way (Table 1). A uniquely numbered Floy cinch tag (Model FT-
4,20 cm [8 in]; www.floyiag.com) was attached around the last joint of each individual's fifth walking leg (pusher). Prusomal 
width (PW) was measured to the nearest 0.1 cm for each female. 
The USFWS-issued disk tags (4.4-cm diameter; each bearing a 
unique tag number and information for reporting recaptures) 
were randomly attached lo half of the crabs from each condi-
tion category within each raceway. Tags were attached to the 
crabs with a number-2 yellow scratch awl (Challenge Sailcloth, 
Vemon-Rockville, Connecticut), and a number-8 stainless-steel 
washer was affixed to the awl with J. B. Weld epoxy that acted 
as a stopper. A hole (4.0-mm diameter) was created by gently 
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TABLE 1. Average (±SD) prosomal width (cm) and sample size (in parentheses) for horseshoe crabs in each raceway, treatment group, and shel  condition 
category (1 = new, 2 — moderate, 3 — worn; see additional description in Methods). 
Condition 
Raceway Treatment Total N 
A 
B 
C 
D 
Totals 
Untagged 
Untagged 
Tagged 
Untagged 
Tagged 
Untagged 
28.5 ±0.5 (3) 
25.2 ±1.4 (3) 
2B.3±I.6(3) 
25.3±1.5(3) 
28.2 ±1.3(3) 
26.8 ±1.9 (3) 
26.2 ±2.4 (3) 
23.3 ±3.9 (2) 
23 
28.3 ±0.9 (4) 
27.3 ± 2.5 (4) 
26.4 ±1.6 (4) 
24.6 ±0.9 (4) 
26.3 ± 2.2 (4) 
27.3 ±2.8 (4) 
26.6 ±1.7 (4) 
26.8±1.8(4) 
32 
24.7 ±1.5 (6) 
26.1 ±2.0 (6) 
25.7±1.5(6) 
25.7 ±1.7 (6) 
26.2 ±2.4 (6) 
25.2 ±2.0 (6) 
25.1 ±2.4 (7) 
25.1 ±1.9 (7) 
50 
26 
26 
26 
27 
105 
twisting the awl into the lower rear of either the right or left pos-
terior side of the prosoma. The disk tag was securely inserted 
into the hole. 
Once per week, the horseshoe crabs were fed ad libitum 
with herring and squid thai were caught in trawls within Long 
Island Sound. The crabs were given 1-2 d to eat, after which 
the raceways were cleaned of all leftover food. Each raceway 
was fitted with a HOBO Pendant temperature data logger that 
was set to record the temperature every hour. Raceways were 
checked every weekday for dead crabs. 
The experiment ended after 44 d; on July 20,2010, all crabs 
were removed from the raceways. The Floy cinch tags were 
removed from all crabs, and the remaining untagged crabs were 
filled with USFWS disk tags. All crabs were transported back 
to Long Island Sound and were released at the site of capture. 
RESULTS 
There was no significant difference in survival rates between 
tagged and untagged horseshoe crabs over the course of the 
experiment (x2 = °-02. P £ 0.80). By the end of the experiment 
only Iwo horseshoe crabs had died. These two crabs were in 
raceway D and were both assigned a condition index of 3. One 
crab (PW = 29 cm) died on June 28,2010, and the other (PW = 
25.5 cm) died on July 3 or July 4 (weekend days) but was 
not discovered until July 5. Neither crab had obvious signs 
of damage to the prosoma, opisthosoma, or telson. However, 
the smaller crab was noticeably lethargic at the beginning of the 
experiment. Neither of the crabs that died were tagged with the 
USFWS disk tag. In fact, all crabs tagged with USFWS disk 
tags survived for the entire duration of the experiment and were 
returned to Long Island Sound alive. None of the crabs lost or 
shed their disk tags over the course of the experiment. 
There were no significant differences in PW between tagged 
and untagged crabs or among condition classes except that con-
dition 3 crabs were significantly smaller than condition 1 or con-
dition 2 crabs (Kruskal-Wallis analysis of variance [ANOVA] by 
ranks: P < 0.05; Table 1). Many of the condition 3 crabs used 
in this experiment exhibited signs of damage (e.g., a dented, 
cracked, and notched prosoma; missing legs; and a bent telson), 
and some exhibited signs of lethargy. 
The average daily temperature increased over the course of 
the experiment for al) four raceways (Figure 1). There were two 
temperature drops due to heavy rainstorms on June 6 and June 
29,2010. Average starting temperature across all raceways was 
18.rC, and the ending temperature was 23.3°C. The highest 
average daily water temperature was 26.2°C, and the lowest was 
13.8°C. On June 23,2010, Ihe temperature logger in raceway C 
malfunctioned and stopped recording. There was no significant 
difference between raceways with respect to the average daily 
temperature recorded prior to the data logger malfunction in 
aceway C (ANOVA: F = 0.313, df = 91, P < 0.80). The 
average daily temperatures recorded in raceways A, B, and D 
during the experimental period after the data logger malfunction 
also did not significantly differ (ANOVA: F = 0.227, df = 149, 
P< 0.80; see Figure 1). 
DISCUSSION 
Our study showed no tagging-induced mortality among fe-
male horseshoe crabs. Only two crabs died in this experi-
ment, neither were tagged. Unlike the bleeding studies con-
ducted previously (Hurton and Berkson 2006; Leschen and 
Corriea 2010), which demonstrated significant mortality associ-
ated with the handling and bleeding of crabs by the biomedical 
industry, this study provides evidence that the tagging of female 
horseshoe crabs is a benign process. In captivity, the tagging of 
an adult female horseshoe crab is unlikely to cause the death 
of that individual. Once the crab is released into Long Island 
Sound, tagging is unlikely to cause mortality in the short term. 
There is a possibility that because the tag is white, it will at-
tract predators. However, there are very few predators of adult 
horseshoe crabs in Long Island Sound (e.g., large sharks and sea 
turtles; Walls et al. 2002). The lags do not stay white for very 
TAG-INDUCED MORTALITY IN HORSESHOE CRABS 
O Raceway A 
O Raceway B 
A Raceway C 
X Raceway D 
FIGURE 1. Average daily temperatures (°C) for Ihe four raceways in which tagged and untagged female horseshoe crabs were held. The temperature logger i 
raceway C stopped recording on June 23.2O10, 
long; within 6 months to 1 year, most tags on recaptured crabs 
are encrusted with mud and barnacles. There is no evidence that 
tagging interferes with spawning; based on the results of this 
study, tagged crabs should be able to survive over the course 
of a breeding season (in Connecticut, the majority of spawn-
ing takes place from mid-May to the end of June). Thousands 
of tagged spawning horseshoe crabs have been observed by 
researchers over the past 10 years, and animals with 6-10-year-
old tags have been recaptured (Swan 2005; Mallei et al. 2010; 
M.A.B. and J.H.M., unpublished data). 
Previous studies have found that increased water tempera-
tures or other stressors such as handling can increase mortality 
rates in some invertebrates (Kruse et al. 1994); increased water 
temperatures in this study had no effect on mortality of tagged 
horseshoe crabs. The water temperature in the raceways reached 
26.2°C; even with this spike in water temperature, there was no 
concurrent increase in mortality of tagged crabs. This is unsur-
prising given that many horseshoe crabs are found stranded on 
the beach during low tide in the hot sun and are able to survive 
until the tide returns to submerge them (M.A.B. and J.H.M., 
personal observation). 
In conclusion, no adult female horseshoe crabs died during 
a 44-d trial after being marked with a USFWS disk tag. Our 
results provide evidence that the tagging of adult horseshoe 
crabs is unlikely to cause an increase in mortality within a 
breeding season. Horseshoe crabs are usually tagged during May 
and June, and tagging activity should not lessen their ability to 
survive through the 30-45-d spawning season in Connecticut. 
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TABLE 1. Average (±SD) prosomal width (cm) and sample size (in parentheses) for horseshoe crabs in each raceway, treatment group, and shel  condition 
category (1 = new, 2 — moderate, 3 — worn; see additional description in Methods). 
Condition 
Raceway Treatment Total N 
A 
B 
C 
D 
Totals 
Untagged 
Untagged 
Tagged 
Untagged 
Tagged 
Untagged 
28.5 ±0.5 (3) 
25.2 ±1.4 (3) 
2B.3±I.6(3) 
25.3±1.5(3) 
28.2 ±1.3(3) 
26.8 ±1.9 (3) 
26.2 ±2.4 (3) 
23.3 ±3.9 (2) 
23 
28.3 ±0.9 (4) 
27.3 ± 2.5 (4) 
26.4 ±1.6 (4) 
24.6 ±0.9 (4) 
26.3 ± 2.2 (4) 
27.3 ±2.8 (4) 
26.6 ±1.7 (4) 
26.8±1.8(4) 
32 
24.7 ±1.5 (6) 
26.1 ±2.0 (6) 
25.7±1.5(6) 
25.7 ±1.7 (6) 
26.2 ±2.4 (6) 
25.2 ±2.0 (6) 
25.1 ±2.4 (7) 
25.1 ±1.9 (7) 
50 
26 
26 
26 
27 
105 
twisting the awl into the lower rear of either the right or left pos-
terior side of the prosoma. The disk tag was securely inserted 
into the hole. 
Once per week, the horseshoe crabs were fed ad libitum 
with herring and squid thai were caught in trawls within Long 
Island Sound. The crabs were given 1-2 d to eat, after which 
the raceways were cleaned of all leftover food. Each raceway 
was fitted with a HOBO Pendant temperature data logger that 
was set to record the temperature every hour. Raceways were 
checked every weekday for dead crabs. 
The experiment ended after 44 d; on July 20,2010, all crabs 
were removed from the raceways. The Floy cinch tags were 
removed from all crabs, and the remaining untagged crabs were 
filled with USFWS disk tags. All crabs were transported back 
to Long Island Sound and were released at the site of capture. 
RESULTS 
There was no significant difference in survival rates between 
tagged and untagged horseshoe crabs over the course of the 
experiment (x2 = °-02. P £ 0.80). By the end of the experiment 
only Iwo horseshoe crabs had died. These two crabs were in 
raceway D and were both assigned a condition index of 3. One 
crab (PW = 29 cm) died on June 28,2010, and the other (PW = 
25.5 cm) died on July 3 or July 4 (weekend days) but was 
not discovered until July 5. Neither crab had obvious signs 
of damage to the prosoma, opisthosoma, or telson. However, 
the smaller crab was noticeably lethargic at the beginning of the 
experiment. Neither of the crabs that died were tagged with the 
USFWS disk tag. In fact, all crabs tagged with USFWS disk 
tags survived for the entire duration of the experiment and were 
returned to Long Island Sound alive. None of the crabs lost or 
shed their disk tags over the course of the experiment. 
There were no significant differences in PW between tagged 
and untagged crabs or among condition classes except that con-
dition 3 crabs were significantly smaller than condition 1 or con-
dition 2 crabs (Kruskal-Wallis analysis of variance [ANOVA] by 
ranks: P < 0.05; Table 1). Many of the condition 3 crabs used 
in this experiment exhibited signs of damage (e.g., a dented, 
cracked, and notched prosoma; missing legs; and a bent telson), 
and some exhibited signs of lethargy. 
The average daily temperature increased over the course of 
the experiment for al) four raceways (Figure 1). There were two 
temperature drops due to heavy rainstorms on June 6 and June 
29,2010. Average starting temperature across all raceways was 
18.rC, and the ending temperature was 23.3°C. The highest 
average daily water temperature was 26.2°C, and the lowest was 
13.8°C. On June 23,2010, Ihe temperature logger in raceway C 
malfunctioned and stopped recording. There was no significant 
difference between raceways with respect to the average daily 
temperature recorded prior to the data logger malfunction in 
aceway C (ANOVA: F = 0.313, df = 91, P < 0.80). The 
average daily temperatures recorded in raceways A, B, and D 
during the experimental period after the data logger malfunction 
also did not significantly differ (ANOVA: F = 0.227, df = 149, 
P< 0.80; see Figure 1). 
DISCUSSION 
Our study showed no tagging-induced mortality among fe-
male horseshoe crabs. Only two crabs died in this experi-
ment, neither were tagged. Unlike the bleeding studies con-
ducted previously (Hurton and Berkson 2006; Leschen and 
Corriea 2010), which demonstrated significant mortality associ-
ated with the handling and bleeding of crabs by the biomedical 
industry, this study provides evidence that the tagging of female 
horseshoe crabs is a benign process. In captivity, the tagging of 
an adult female horseshoe crab is unlikely to cause the death 
of that individual. Once the crab is released into Long Island 
Sound, tagging is unlikely to cause mortality in the short term. 
There is a possibility that because the tag is white, it will at-
tract predators. However, there are very few predators of adult 
horseshoe crabs in Long Island Sound (e.g., large sharks and sea 
turtles; Walls et al. 2002). The lags do not stay white for very 
TAG-INDUCED MORTALITY IN HORSESHOE CRABS 
O Raceway A 
O Raceway B 
A Raceway C 
X Raceway D 
FIGURE 1. Average daily temperatures (°C) for Ihe four raceways in which tagged and untagged female horseshoe crabs were held. The temperature logger i 
raceway C stopped recording on June 23.2O10, 
long; within 6 months to 1 year, most tags on recaptured crabs 
are encrusted with mud and barnacles. There is no evidence that 
tagging interferes with spawning; based on the results of this 
study, tagged crabs should be able to survive over the course 
of a breeding season (in Connecticut, the majority of spawn-
ing takes place from mid-May to the end of June). Thousands 
of tagged spawning horseshoe crabs have been observed by 
researchers over the past 10 years, and animals with 6-10-year-
old tags have been recaptured (Swan 2005; Mallei et al. 2010; 
M.A.B. and J.H.M., unpublished data). 
Previous studies have found that increased water tempera-
tures or other stressors such as handling can increase mortality 
rates in some invertebrates (Kruse et al. 1994); increased water 
temperatures in this study had no effect on mortality of tagged 
horseshoe crabs. The water temperature in the raceways reached 
26.2°C; even with this spike in water temperature, there was no 
concurrent increase in mortality of tagged crabs. This is unsur-
prising given that many horseshoe crabs are found stranded on 
the beach during low tide in the hot sun and are able to survive 
until the tide returns to submerge them (M.A.B. and J.H.M., 
personal observation). 
In conclusion, no adult female horseshoe crabs died during 
a 44-d trial after being marked with a USFWS disk tag. Our 
results provide evidence that the tagging of adult horseshoe 
crabs is unlikely to cause an increase in mortality within a 
breeding season. Horseshoe crabs are usually tagged during May 
and June, and tagging activity should not lessen their ability to 
survive through the 30-45-d spawning season in Connecticut. 
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Abstract Fall Chinook salmon Oncorhynchus tshawytscha typically migrate to the ocean as subyeariings (age 0), but a 
strategy whereby Juveniles overwinter in freshwater and migrate to the ocean as yearlings (age 1) has emerged 
over the past few decades in Idaho's Snake River population. The recent appearance of the yearling strategy has 
conservation implications for this threatened population because of survival and reproductive differences between 
the two life histories. Different proportions of Juveniles adopt the yearling life history in different river reaches 
and years, and temperature differences are thought to play some role in accounting for this variation. The specific 
circumstances under which juveniles pursue the yearling life history are poorly understood. We advance a hypothesis for the mechanism by which juveniles adopt a life history, formalize it with a model, and present the results of fitting 
this model to life history data. The model captures patterns of variation in proportions of yearling out-migrants 
among reaches and years, and it appears robust to uncertainty In a key unknown parameter. Results from fitting the 
model to empirical yearling migrant proportions suggest that Juveniles commit to a life history earlier in development 
than the time at which smoltifiCation typically begins. Specifically, juveniles that become yearling migrants do so soon 
after emergence if they are too far behind a typical growth schedule given temperature and photo-period cues at that 
time. Our model also offers those interested in the management and conservation of Snake River fall Chinook salmon 
a useful tool by which to account for life history variation In population viability analyses and decision making. 
Pacific salmon Oncorhynchus spp. display srunning variety 
in life history (Groot and Margolis 1991). Shaped by millennia 
of change in an active geological setting, each species is par-
titioned into distinct populations in time and space according 
to the time of year in which spawners migrate upriver and the 
stream in which they spawn (Waples et al. 2008a). Variety in life 
histories also exists within populations. Adults may spend 1-5 
years at sea or may not go to sea at all (Groot and Margolis 1991; 
Branson et al. 2004), males may adopt alternative reproductive 
strategies (Koseki and Fleming 2006,2007), and juveniles may 
spend variable amounts of time rearing in oceans, estuaries, or 
r vers (Connor et al. 2005; Koski 2009). 
An important life history dimorphism in the population of 
fall Chinook salmon O. tshawytscha residing in the Snake River 
of Idaho and Oregon (Figure l)is the amount of time juveniles 
spend rearing in freshwater before migrating lo the ocean. Indi-
viduals of the subyearling life history type undergo preparations 
for entry into the ocean (smoltify) and out-migrate at age 0 the 
summer after they hatch, whereas yearling migrants overwinter 
in freshwater, smolting and migrating to the ocean at age 1 
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